Background-Palatal tremor is divided into symptomatic palatal tremor (SPT) and essential palatal tremor (EPT) on the basis of clinical features. The inferior olive seems to be abnormal in SPT, but not EPT. Because the inferior olive is likely to be involved in several types of motor learning, it is hypothesised that motor learning would be abnormal in patients with SPT, but not those with EPT. Methods-In six patients with SPT and four patients with EPT, two motor learning paradigms were studied-the classical conditioning of an acoustically elicited eyeblink with electrical supraorbital nerve shock and a test of adaptation of ballistic arm movements to a change of the gain. Results-Classical conditioning was impaired unilaterally or bilaterally in the patients with SPT, depending on whether they had unilateral or bilateral abnormalities of the inferior olives, except for the two least affected patients. All but one of the patients with EPT had normal conditioning. On the adaptation test of arm movements, most of the patients with SPT had impaired learning of the arm contralateral to the hypertrophied inferior olive, regardless of whether the abnormality was unilateral or bilateral, but all patients with EPT had normal results.
Palatal tremor is a rhythmic movement disorder characterised by continuous movements of the soft palate and sometimes involving additional muscles. This condition is often accompanied by an abnormality of the inferior olive characterised by hypertrophy' with swollen cells and an increase of glial tissue.4 6 This so called olivary pseudohypertrophy is thought to develop after a lesion in the pathway from the contralateral dentate nucleus to the inferior olive via the red nucleus and the central tegmental tract. If pseudohypertrophy of the inferior olive underlies the pathophysiology of palatal tremor, it may be expected that other functional disturbances of the inferior olive can be identified.
In earlier studies,67 we have shown that patients with palatal tremor can be separated into two groups: symptomatic palatal tremor (SPT) and essential palatal tremor (EPT). Among several features separating these conditions are areas of hyperintensity on MRI at the level of the inferior olive in the patients with SPT, but not in the patients with EPT. The abnormal signals very likely represent olivary pseudohypertrophy, which we think is restricted to SPT and does not occur in EPT. Along with these morphological abnormalities in SPT, there is clinical evidence of cerebellar deficits of varying severity. 7 We attempted to investigate quantitatively the olivary functions with motor learning tests, because there is evidence that the cerebellum and its associated circuitry are necessary for motor learning to take place.8 13 We selected classical conditioning, one of the most extensively studied learning paradigms, I " and adaptation of arm movements, because both tests reveal clearcut abnormalities in patients with cerebellar deficits.'3 14 
Methods
We studied 10 patients with palatal tremor (six with SPT and four with EPT). The table summarises their clinical characteristics. These are reported in detail elsewhere.7 The patients' hearing was normal. Twenty six age matched normal volunteers, 16 for the classical conditioning paradigm and 10 for the adaptation paradigm, served as control subjects. The protocol was approved by the Institutional Review Board, and all subjects gave their written informed consent for the study.
EXPERIMENTAL METHODS
Other papers describe the methodologies for eyeblink conditioning'2 and adaptation motor learning'3 and, therefore, the tests are only briefly summarised here. For eyeblink conditioning, pairs of surface cutaneous electrodes were placed over the upper and lower orbicularis oculi muscles on both sides of the face. The conditioned stimulus was an auditory tone of 90 dB applied for 400 ms through earphones to both ears simultaneously. The unconditioned stimulus was an electrical shock of 0-5 ms duration applied to the right supraorbital nerve at an intensity of three to five times the sensory threshold. In some patients, the conditioning with electrical stimuli to the left supraorbital nerve was tested separately in a second experiment. The subjects were seated comfortably and kept their eyes open during the test. The conditioned (auditory) stimulus and the unconditioned (electrical) stimulus were coupled, with the electrical shock being delivered just at the end of the tone. Coupled stimuli were given for eight consecutive trials, followed by two test trials: one with the auditory stimulus alone and one with the electrical stimulus alone. Ten to 15 seconds were allowed between each trial. Each block of 10 trials was repeated eight times.
The EMG signals were rectified and smoothed with a time constant of 10 ms. A conditioned response was defined as EMG activity with an amplitude of more than 2 ,V in the orbicularis oculi muscles on both sides of the face and preceding the unconditioned stimulus by less than 200 ms. Without conditioning, the baseline activity was always below 1 ftV. The same definition applied to the trials with the conditioned stimulus alone.
For adaptation motor learning, the motor learning task was to match a ballistic movement of the forearm to a target alternating between two positions on a computer screen. The subject had to make the cursor follow the target movements with a single, rapid elbow flexion or extension, with emphasis on speed rather than accuracy. The gain between arm and cursor movements was adjusted so that an elbow rotation of 13.50 resulted in a 13-5 cm cursor displacement (gain = 1-0 cm/!). After a few practice trials, the subject performed 40 movements between the right and left targets (baseline trials). Between trials 40 and 41, the gain of the system was suddenly increased so that an elbow rotation of 9.50 produced a cursor displacement of 13-5 cm (gain = 1-42 cm/'), and the subject performed another 40 movements between the targets (test trials). Block No.
DATA ANALYSIS
The methods used for analysis of the data from the adaptation motor learning task are described elsewhere. Figure 1A shows the responses to paired conditioned and unconditioned stimuli and to the conditioned stimulus alone for a patient with EPT, whose responses were similar to those of the normal subjects, and fig lB shows a patient with SPT, whose responses were almost absent. In normal subjects, the conditioned responses increased during the first four blocks of paired stimuli, but reached a plateau thereafter (fig 2) . Figure 3 shows the patients' results with respect to the 98% confidence intervals for the normal subjects. In patients with SPT (5, 8, and 9) who had bilateral palatal tremor and MRI evidence of abnormalities of both inferior olives, conditioning was abnormal bilaterally. In patients with unilateral SPT, conditioning was abnormal unilaterally, on the side of the palatal tremor, in one (6) , and normal bilaterally in the other two (7 and 10), who had the mildest cerebellar symptomatology ( Classical conditioning was abnormal unilaterally or bilaterally in all but two of the patients with SPT and was normal in all but one of the patients with EPT. As the orbicularis oculi reflexes were present, we assume that their reflex pathways were largely intact.7 Therefore, the functional circuitries mediating conditioned learning are probably affected. Various brain stem and cerebellar structures play a part in conditioning learning in animals.
Many studies in rabbits (see reviews'0 1 1) have focused on the circuits in a classical conditioning paradigm, analysing nictitating membrane responses to unconditioned stimuli (air puffs delivered to the cornea or electrical stimuli to the supraorbital nerve) and to conditioned stimuli (acoustic tones). The results of these studies showed that the unconditioned stimulus is mediated through the inferior olive to the contralateral cerebellum via the climbing fibres and is integrated at the cerebellar Purkinje cells and the interpositus nucleus and that the conditioned stimulus is mediated via the pontine nuclei and their mossy fibre system. This "learned" association is believed to influence the supranuclear reflex centres for the corneal reflex via the red nucleus.'I According to the Albus-Marr model of learning,' 16 the conditioned response in normal subjects could be produced by the interaction of the unconditioned stimulus (electrical nerve shock) with the conditioned stimulus (tone). The first stimulus might be mediated through the contralateral inferior olive and the second through the pontocerebellar pathways to interact at the level of the cerebellar Purkinje cells. ' 
